Folic acid can prevent neural tube defects (NTD). Hispanic women have a higher prevalence of NTD than non-Hispanic white (NHW) women and consume less folic acid. Among Hispanics, acculturation has been associated with lower intakes of natural folate. It is unknown if this same relationship is seen for fortified foods. This article describes the associations of acculturation factors with usual folate intakes from foods and supplements and compares the proportion that meets recommended intakes of folic acid of US Mexican American (MA) women with those of NHW women. For US NHW and MA women aged 15-44 y (n = 3167), usual folate intakes (i.e., natural food folate, folic acid from food, total folic acid [fortified foods plus supplements], and total folate) were estimated using measurement error models from NHANES 2001-2008. Compared with NHW women, MA women did not differ in their intake of natural food folate or folic acid from food. Similarly, compared with NHW women (332 6 17.3 mg/d), the mean total usual folic acid intakes were lower among MA women who reported speaking Spanish (224 6 24.9 mg/d) but not for MA women who reported speaking English (283 6 36.2 mg/d). MA women were more likely than NHW women to consume a total folic acid intake ,400 mg/d. MA women with lower acculturation factors were the most likely to have an intake ,400 mg/d compared to NHW women.
Introduction
Research has shown that if folic acid is taken prior to and during the first several months of pregnancy, it can reduce the risk of serious birth defects of the brain (anencephaly) and the spine (spina bifida), collectively called NTD 7 , by up to 70% (1-3). As a result, recommendations have been made for all women capable of becoming pregnant to consume 400 mg of folic acid 8 every day, in addition to natural food folate, to reduce their risk of having a pregnancy affected by an NTD (4) (5) (6) . Birth defect surveillance data in the United States have indicated that there are disparities in the prevalence of NTD by race/ethnicity, with Hispanic women having a higher prevalence than non-Hispanic white (NHW) and non-Hispanic Black women (7, 8) . Furthermore, Hispanic women have a higher fertility rate and a higher birth rate compared with NHW women (9) , and they are less likely to consume the recommended amount of folic acid (10) (11) (12) . Given that the proportion of Hispanic women aged 15-44 y residing in the US is growing rapidly (13) , taking steps to reduce these disparities is critical.
Recent studies have examined whether or not there are differences in the risk of NTD among Hispanic women by acculturation, the term used to describe an individual's experience entering a new culture (14) . Acculturation can include changes in attitudes and behaviors (such as language use or dietary patterns) (14) . Based on several case-control studies using country of origin, years in the US, or preference for spoken language, or a combination thereof, Hispanic women who were less acculturated were at a higher risk for NTD, specifically spina bifida (15) (16) (17) . Potential reasons for these higher risks include reported differences in folic acid intake from fortified foods, socio-economic status, folic acid supplement use, and inade-quate pregnancy weight gain (potentially a marker for poor nutrition status) (15, 16) . However, dietary acculturation research has suggested that fruit and vegetable and folate intake was higher among less acculturated Hispanic women followed by higher acculturated Hispanic women and non-Hispanic white women (18) (19) (20) (21) . Notably, studies on folate intakes either were completed before folic acid fortification or did not differentiate between natural food folate and synthetic folic acid from ECGP. The inability to account for intake of folic acid could explain why in previous studies less acculturated women have higher folate intakes and a higher risk of NTD.
The purpose of this analysis was to examine usual folate intakes from all possible sources (e.g., natural food folate, folic acid from ECGP and RTE cereals, and folic acid from supplements) among Mexican American (MA) women by acculturation factors. Intakes were also compared with those of NHW women to see if MA women with higher acculturation factors, compared to those with lower acculturation factors, were more similar to NHW women. Whether acculturation factors were related to MA women's reported consumption of the recommended amount of total folic acid also was examined. An understanding of whether acculturation factors are associated with usual folate intakes independent of other socio-demographic factors, and whether they play a role in meeting recommended intakes, could improve the effectiveness of future intervention efforts targeting MA women and potentially lead to a reduction in NTD among this population. (29) . The FNDDS includes information on natural food folate and folic acid and provides appropriate units of consumption (e.g., mg of folic acid and mg of DFE 9 ) for natural food folate and total folate intake.
Materials and Methods

NHANES
Folic acid intake from RTE cereals on each intake day was estimated using individual food codes that corresponded to RTE cereals (food codes 57000000-57418000). Folic acid intake from ECGP (e.g., breads and pastas) was estimated by subtracting the amount of folic acid consumed from RTE cereals from the total folic acid intake from food.
Information on supplement use was collected during the household interview. Use during the past month, the number of days a supplement was used, and the quantity of supplements consumed were recorded. Women were classified as supplement users if they reported any supplement use during the past 30 d. The mean daily folic acid intake from supplements for each woman was calculated from the questionnaire information and a supplement database (22-25) using the following formula: Mean daily folic acid intake from dietary supplements = (on days supplements were taken, how many [i.e., tablets, chews] were taken each day/the number [i.e., tablets, chews] in a single serving) 3 (the dose of folic acid per serving) 3 (the number of days supplements were taken during the previous 30 d) divided by 30.
Using data from food or supplements, or both, we estimated the following: 1) mg of DFE of natural food folate, 2) mg of folic acid from ECGP, 3) mg of folic acid from fortified foods (e.g., ECGP + RTE cereals), 4) mg of total folic acid (ECGP + RTE cereals + supplements), and 5) mg of DFE of total folate (natural food folate + [total folic acid 3 1.7]) from foods and supplements.
Acculturation factors. NHANES includes data on several acculturation factors, including language spoken at home (among individuals who identified themselves as Hispanics), country of origin (country of birth), and length of time residing in the US. As in two previous studies (30, 31) , language spoken at home was categorized into three levels: 1) women who reported speaking English all or most of the time, 2) women who reported speaking an equal amount of English and Spanish, and 3) women who reported speaking Spanish all or most of the time. Country of origin consisted of two categories, those who were born in the US and those who were born in Mexico. Finally, there was information regarding how long women had been living in the US. This variable was available in the public use data as a categorical variable only and was dichotomized into residing in the US for ,15 y or residing in the US for $15 y. Acculturation factors were treated as exclusive categories, i.e., language preference alone, country of origin alone, and length of time residing in the US alone. We attempted to create strata representing combinations of these acculturation factors, but sample sizes within these strata were small and limited the statistical power of the analyses. Additionally, acculturation factors were highly correlated with one another. For example, 92% of MA women who reported speaking Spanish all or most of the time at home also reported having been born in Mexico. Additionally, 67% of MA women who reported speaking Spanish all or most of the time at home also reported residing in the US for ,15 y. Therefore, due to possible colinearity issues, analyses were limited to each individual acculturation factor and were not combined. For purposes of these analyses, lower acculturation factors were: speaking Spanish all or most of the time at home, speaking Spanish and English equally at home, being born in Mexico, or residing in the US for ,15 y.
Covariates. Information on age, race/ethnicity, education level, poverty income ratio, language preference, country of origin, and length of time residing in the US was obtained through a household interview questionnaire. Race/ethnicity was based on respondents' answers to questions on race and Hispanic origin. Education level was collapsed into three categories: having less than a high school education, having a high school diploma or a GED, and having at least a college degree. The poverty income ratio was based on the family's reported household income with ratios ,1.0 considered below the official poverty threshold. RTE cereal consumption (yes or no) was based on data from the first 24-h recall and included consumption of any RTE cereal with or without folic acid (based on the food codes indicated previously). Day 1 was used because 2001-2002 respondents had only 1 day of dietary intake data.
Analytic sample. Of the 3743 NHW and MA nonpregnant women aged 15-44 y during the period 2001-2008, women were excluded who did not meet the minimum data quality standard for dietary recall on day 9 Dietary folate equivalents were developed to take into account the differences in bioavailability between natural food folate and folic acid. The conversion for DFE and folic acid is: 1 DFE = 1.7 3 1 mg folic acid.
(2001-
) (n = 424) because of incomplete dietary records. Additional women were excluded because their energy intake was ,500 kcal or .5000 kcal on either d 1 or d 2 (n = 94) (19, 32) ; also excluded were MA women who were missing one or more of the acculturation variables (i.e., language spoken at home, country of origin, or length of time residing in the US) (n = 12) or information on supplement use (n = 46). This left a final sample size of 3167 NHW and MA nonpregnant women aged 15-44 y (85% of the eligible sample). Compared with those included in the final analytic sample, women excluded were more likely to have reported being below the poverty threshold and less likely to have reported consuming an RTE cereal (P , 0.05 for all comparisons, Chi-square statistic test); however, there were no differences by race/ethnicity, folic acid supplement use, or education level.
Statistical analysis. Using data from the 24-h dietary recalls, the following were estimated using software developed by Iowa State University, PC-SIDE version 1.02 (Ames, IA): usual intakes for folate (natural food folate, folic acid from ECGP, folic acid from ECGP + RTE cereals, total folic acid from ECGP + RTE cereals + folic acid from supplements, and total folate from natural food folate + ECGP + RTE cereals + folic acid from supplements); and the proportions of women meeting the EAR (320 mg/d of DFE), meeting the recommended intake of 400 mg/d of total folic acid for NTD prevention, and exceeding the tolerable UL (.1,000 mg/d of total folic acid). PC-SIDE uses a measurement error model to estimate within-person and between-person variances in dietary intake and to obtain usual intake values as described previously (33, Dietary intake data distributions were adjusted for age as a continuous variable, the intake day of the week, and interview method (in person vs. telephone). The amount of folic acid from supplements was added to the amount of folate from food and then PC-SIDE analyses were conducted. PC-SIDE also was used to estimate the BLUP for individual usual intakes from natural food folate, folic acid from ECGP, folic acid from ECGP + RTE cereals, total folic acid, and total folate. BLUP are estimates of an individual's usual intake using a shrinkage factor that takes into account the within-person variance. For example, if the within-person variance is large, the usual individual intake will decrease toward the group's mean intake; but, if the within-person variance is small, the usual individual intake will be similar to the mean of the individual's intake (33) . BLUP were the output for further analysis in SPSS Complex Samples Design version 18.0 (SPSS Inc.). The estimated BLUP for total folic acid were used to categorize individuals into 2 groups: those whose usual intake of total folic acid was ,400 mg/d and those whose usual intake of total folic acid was $400 mg/d. These groups were then used as the outcome variable for logistic regression modeling to determine the associations of key socio-demographic factors, including acculturation factors, with the odds of meeting or not meeting the recommended intake of 400 mg/d of total folic acid. BLUP of usual folate intakes also were used as outcomes for separate, generalized linear regression models for each folate intake source to determine if interactions (multiplicative) were present between socio-demographic factors and each acculturation factor. Marginal means of folic acid intake from supplements were estimated using a generalized linear model adjusted for age in years.
Logistic regression was used to determine the association between individuals meeting or not meeting the 400 mg of total folic acid daily intake and selected socio-demographic factors, including age, education level, poverty income ratio, and acculturation factors (language preference, country of origin, or length of time residing in the US). Adjusted OR and 95% CI are presented for each covariate. Multiplicative interactions of socio-demographic factors and each acculturation factor were tested by assessing the adjusted chi-square statistic and corresponding P-values for interaction terms. A significant interaction was defined as P , 0.05.
A sensitivity analysis was conducted with data from [2001] [2002] [2003] [2004] only. This was done because these survey years contained questions from a shortened version of a validated acculturation scale, the Short Acculturation Scale (35) . This scale consisted of 5 questions assessing language used at home, language used with friends, language used during childhood, language used for thinking, and language used for reading/speaking. For each question, individuals were given a score (0-4) and then scores were added across all 5 questions for a total of 20 points. We then created tertiles based on the total number of points possible. Individuals were categorized as being in 1 of 3 categories (1), low acculturation (0 to 6 points), moderate acculturation (7 to 13 points), or high acculturation (14 to 20 points). Results of the sensitivity analysis are available as online supporting material.
SPSS Complex Samples Design, version 18.0 (SPSS Inc.) was used to account for the survey design and calculate all means, frequencies, Student's t tests, Pearson chi-square tests, and adjusted OR. All analyses were conducted using 8- For analyses conducted with PC-SIDE, standard errors were calculated using a set of 122 Jackknife replicate weights calculated using the 8-y dietary weights and differences in means were calculated using a Student's t test. Although multiple comparisons were conducted in this study, each comparison was determined a priori, a P-value of 0.05 was used, and a 95% CI was presented for all comparisons. However, because of the number of comparisons made, some significant associations observed could have been due to chance and might not reflect true statistical differences (37) .
Results
Among NHW and MA women aged 15-44 y residing in the US and included in NHANES during the period 2001-2008, 87.0% were NHW and 13.0% were MA (weighted percentages) (data not shown). Compared with NHW women, MA women were more likely to be younger, have lower education levels, be living below the poverty threshold, and were less likely to report consuming a supplement containing folic acid (P , 0.05 for all comparisons, Pearson chi-square statistic test) ( Table 1) . Among women who reported consuming a supplement containing folic acid, there were no differences between NHW and MA women in reporting RTE cereal consumption or usual intake from folic acid supplements.
Among MA women, 49.5% reported speaking Spanish all or most of the time at home, (95% CI = 44.6, 54.3); 15.6% (95% CI = 12.7, 19.1) reported speaking English and Spanish equally at home; and 34.9% (95% CI = 30.7, 39.3) reported speaking English all or most of the time at home. More than half (51.4%) reported being born in Mexico (95% CI = 45.2, 57.6) and 48.6% reported being born in the US (95% CI = 42.4, 54.8). Slightly more than one-third (35.1%) of MA women reported residing in the US for ,15 y (95% CI = 30.5, 39.9) and 64.9% reported residing in the US for $15 y (95% CI = 60.1, 69.5). Among MA women, age, education level, poverty income ratio, and folic acid-supplement use differed by language preference, country of origin, and length of time residing in the US (P , 0.05 for all comparisons, Pearson chi-square statistic test).
Compared with those of NHW women, MA women's usual mean intakes of natural food folate and folic acid from ECGP and folic acid from ECGP + RTE cereals did not differ; however, MA women had significantly lower total folic acid and total folate intakes (P , 0.05) ( Table 2) .
With regard to differences in acculturation factors, compared with NHW women, MA women who reported speaking Spanish all or most of the time or reported speaking Spanish and English Acculturation and folate intakes among women 1891 Usual folic acid intake from folic acid-containing supplements is among supplement users only. 3 Usual folic acid intake from folic acid-containing supplements adjusted for age as a continuous variable. 4 Values are mean 95% CI. 5 Values are median (IQR). 6 Usual total energy intake adjusted for age as a continuous variable, intake day of week, and interview method (in-person or by telephone).
equally at home had lower total folic acid and total folate intakes (P , 0.05 for all comparisons) ( Table 2 ). For MA women who reported speaking English all or most of the time at home, there were no statistically significant differences in folate intakes compared with NHW women. In contrast, regardless of differentiation by country of origin or length of time residing in the US, MA women had lower total folic acid and total folate intakes compared with NHW women (P , 0.05 for all comparisons). No consistent significant interactions were found between socio-demographic factors and acculturation factors for folic acid from ECGP + RTE cereals, total folic acid, or total folate (data not shown). Two significant interactions were observed in modeling natural food folate (language preference 3 poverty, P , 0.05) and modeling ECGP (length of time residing in the US 3 use of a supplement containing folic acid, P , 0.05); however, these interactions were not consistent for each folate intake source. Therefore, folate intakes are presented for the main effects of socio-demographic and acculturation factors only. Distributions of usual intakes (25th percentile, median, and 75th percentiles) for NWH and MA women are presented in Supplemental Table 1 . An estimated 12.9% of NHW women reported total folate intakes below the EAR, 70.1% reported total folic acid intakes of ,400 mg/d, and 2.5% had total folic acid intakes that exceeded the UL (Table 3) . Compared with NHW women, MA women were significantly more likely to have reported total daily folic acid intakes of ,400 mg and were less likely to have exceeded the UL (P , 0.05 for all comparisons). In terms of acculturation factors, as with mean intakes, language preference seemed to differentiate between NHW and MA women more than country of origin or length of time residing in the US. For example, there were no differences between NHW and MA women who reported speaking English all or most of time and the proportion of women with total folic acid intakes of ,400 mg/d; whereas, compared with NHW women, MA women who reported speaking Spanish all or most of the time, or English and Spanish equally at home, were more likely to have reported total folic acid intakes of ,400 mg/d (P , 0.05 for all comparisons).
Compared with NHW women, MA women who reported speaking Spanish all or most of the time at home had nearly 4-fold higher odds of having folic acid intakes below recommendation levels (OR: 3.82; 95% CI = 2.35, 6.23) and those who reported speaking Spanish and English equally at home had 5-fold higher odds (OR: 5.45; 95% CI = 2.19, 13.57) ( Table  4) . Compared with NHW women, MA women who reported speaking English all or most of the time at home had higher odds of having a daily folic acid intake of ,400 mg (OR: 1.97; 95% CI = 1.23, 3.17). Findings were similar regardless of the acculturation factor used. However, when MA women were examined separately, MA women in lower acculturation categories (i.e., those who reported speaking Spanish all or most of the time at home, speaking Spanish and English equally at home, or having been born in Mexico) were not significantly more likely to have a daily folic acid intake of ,400 mg compared with their more acculturated counterparts (data not shown).
Interactions between acculturation factors and any other socio-demographic factors included in the models (age, education level, or poverty income ratio) were assessed, and one significant interaction was found (P , 0.05 on a multiplicative scale) for length of time residing in the US and education level. To determine the effect of this significant interaction, models were developed that included a variable assessing the combination of race/ethnicity, education, and length of time residing in the US, and used NHW women with at least a high school education as a referent group. Results indicated that having less than a high school education put all women at risk of having folic acid intakes below recommended levels, regardless of race/ ethnicity or acculturation factors (data not shown). For MA women with less than a high school education, less time residing in the US did not put them at higher risk of having intake levels below those recommended than MA women who had been living in the US for $15 y. However, for MA women with higher education levels (at least a high school education), those women who had been in the US for ,15 y were at a higher risk of having folic acid intake levels below those recommended than women who had been living in the US for $15 y (data not shown). This same trend was seen when models were run using a combination variable of race/ethnicity, language preference, and education level, but was not observed when using a combination variable of race/ethnicity, country of origin, and education level (data not shown). Among NHW and MA women in 2001-2004, we examined whether the use of an acculturation scale affected interpretation of our results. Results did not differ substantially with one exception (see Supplemental Tables 2-4) . Among less-acculturated MA women, usual mean natural food folate intake was greater than more-acculturated MA women. However, this same difference in means would have been detected with language preference as the measure of acculturation. For example, among MA women who reported speaking Spanish all or most of the time at home, the usual daily mean natural food folate intake was 205 6 14.6 mg compared with 167 6 12.9 mg for MA women who reported speaking English all or most of the time at home (P = 0.026).
Discussion
Overall, compared with NHW women, MA women, regardless of acculturation factors, did not differ in intakes for natural food folate, folic acid from ECGP, or folic acid from ECGP + RTE cereals. NHW women had higher total folic acid and total folate intakes than MA women and were more likely to have reported consuming a folic acid-containing supplement. Acculturation factors were associated with MA women meeting recommended folic acid intakes for NTD prevention. Compared with NHW women, MA women were more likely to have reported daily total folic acid intakes of ,400 mg, but this was more pronounced for MA women with lower acculturation factors (such as speaking Spanish all or most of the time at home). These women were also less likely to have reported consuming a folic acid-containing supplement.
Previous dietary acculturation research has focused on major food groups such as fruits and vegetables and has not always examined the effect of acculturation on specific micronutrients. However, given the strong link between folic acid intake and NTD prevention (1-3), the greater prevalence of NTD among Hispanics (7, 8) , and folic acid fortification of the US food supply (38) , it is important to understand and document how acculturation is affecting folic acid intake, especially among Hispanic women of childbearing age. Our results on natural food folate intake did not concur with those of other dietary acculturation studies done prior to folic acid fortification, namely, that MA with lower acculturation factors have significantly higher intakes of natural food folate (19, 20) , but possible explanations include differences in measuring acculturation factors or true changes in consumption of natural food folate intake. A sensitivity analysis using data from 2001-2004, which used a different measurement of acculturation status, indicated that natural food folate intakes were higher among less-acculturated MA women. Had we used language preference as the measure of acculturation, this difference would have also been detected. Although the overall interpretation of our findings did not change, we cannot rule out that there were some changes in natural food folate intake over the survey period.
We know of one other study that examined folate intake and acculturation factors post-fortification. From 2000-2001 in California, Harley et al. examined pregnant MA women and found that Mexican-born women had higher folate intakes than US-born MA women (18) . Although conducted postfortification, Harley et al. did not differentiate between natural food folate and folic acid from ECGP, RTE cereals, and supplements, and the estimated folate intake was likely a composite of these sources. Our study reported lower total folate intake among MA women with lower acculturation factors compared to women with higher acculturation factors, but this could be related to differences in populations (pregnant women vs. nonpregnant women), the amount of folic acid consumed from supplements, or dietary assessment methods (food frequency questionnaire vs. two 24-h dietary recalls). There have been multiple recommendations for women of childbearing age to consume 400 mg of folic acid every day to reduce the risk of pregnancy affected by an NTD (4-6). Tinker et al. reported that MA women were less likely than NHW women to meet recommendations and that supplement consumption was the main factor associated with consuming the recommended amount of 400 mg/d of folic acid (12) . Our analysis suggested this racial/ethnic difference was primarily among MA women with lower acculturation factors. MA women with lower acculturation factors were less likely to have reported consuming a folic acid-containing supplement, and women who rely solely on intakes of folic acid from currently fortified foods will not meet the recommended daily intake of 400 mg. All women, regardless of race/ethnicity or acculturation factors, were at risk of being below recommended intake levels if they had less than a high school education, but the length of time residing in the US and language preference did make a difference among MA women with higher levels of education. Therefore, programs or interventions aimed at increasing the proportion of women who consume 400 mg/d of folic acid could target women based on either education level or acculturation factors, whichever method is most appropriate for the specific program or intervention. However, targeting MA women with lower acculturation factors could reach the most vulnerable women because they are the ones more likely to have lower education levels, are still at higher risk of consuming ,400 mg/d even if they do have higher education, and are less likely to report consuming a supplement containing folic acid. It should be noted that MA are more likely to have a genetic mutation in a key enzyme related to folate metabolism [5,10-methylenetetrahydrofolate reductase (MTHFR) 677C/T] (39), which results in a reduced processing of folate (40) . Theoretically, this could indicate the need for higher intakes of folic acid or a revision of the current RDA recommendations; however, studies have not found this to be warranted at this time (41, 42) . The assessment of the increased need for folic acid was beyond the scope of these analyses, and current folic acid recommendations for NTD prevention do not take into account genetic variations.
Our study was subject to the following limitations. First, from NHANES, we used proxy measures to assess acculturation factors. However, validated acculturation scales have indicated that language preference can explain the majority of the variation (35, 43) , making this a reasonable proxy. Second, acculturation can be difficult to assess because it is a dynamic process, depending on outside factors that can be difficult to capture (14) and cross-sectional studies cannot track individual changes over time. Third, we only reported on MA and not other Hispanic groups because of small sample sizes, limiting our generalizations to MA living in the US only. Fourth, variations in diet for episodically consumed foods (i.e., RTE cereals) and dayto-day supplement use might not have been reflected because intake of supplements was based on mean use (30) . Lastly, it is not known whether missing data on folic acid supplement use or data from the second day of dietary recall, or both, were missing at random or were more prevalent among women with either higher or lower folic acid intakes than women who were included in the analyses. This study also had several strengths. First, NHANES provides a nationally representative sample of MA with data on dietary intakes. Second, we were able to estimate the within-and between-person variance because at least a subsample of the population had two 24-h recalls of dietary intakes of folate (2003) (2004) (2005) (2006) (2007) (2008) only) that allowed us to determine usual dietary intakes of folate. We were also able to estimate proportions above and below cut-points (e.g., EAR, 400 mg/d of total folic acid, and UL) because we had usual intakes. Lastly, in 2001, the USDA FNDDS differentiated between folate coming from natural food folate and the amount coming from folic acid using appropriate intake units (e.g., mg DFE or mg folic acid), allowing us to report folate intake from various sources.
Our data suggest that there are no racial/ethnic differences between NHW and MA women's folic acid intakes from natural food folate or fortified foods; however, MA women with lower acculturation factors had lower total folic acid intakes and are at risk of not meeting recommended folic acid intakes for the prevention of NTD. Therefore, strategies aimed at increasing overall total folic acid intake should continue to be explored. Public health professionals working with MA women should focus efforts to increase total folic acid intake among MA women with lower acculturation factors, especially those who report speaking Spanish only, or Spanish and English equally, all or most of the time.
